Abstract: Acute upper gastrointestinal bleeding (UGIB) is the leading indication for emergency endoscopy. Scoring schemes have been developed for immediate risk stratification. However, most of these scores include endoscopic findings and are based on data from patients with nonvariceal bleeding. The aim of our study was to design a pre-endoscopic score for acute UGIB-including variceal bleeding-in order to identify high-risk patients requiring urgent clinical management.
INTRODUCTION
A cute upper gastrointestinal bleeding (UGIB) is a life-threatening condition with varying reports of incidence up to 47.7/100,000 persons annually, for example, in 2000 in the Netherlands. 1 The most frequent causes are peptic ulcers (46%), followed by esophagitis and erosions. Variceal bleeding has been found in 9% in the study of van Leerdam, 1 and in 11% in a United Kingdom (UK) study; 2 however, it is the major reason for bleeding in cirrhotic patients (50-60%). 3 The risk of rebleeding is especially high in those suffering from peptic ulcers and variceal bleeding. 3 Overall, mortality has decreased during the last decades from 14% in 1995 to 10% in 2007 in the United Kingdom. 2, 4 Acute UGIB is an emergency that may need early endoscopic treatment; therefore, immediate triage of the patients is required. 5 According to international consensus recommendations on the management of patients with nonvariceal UGIB, validated prognostic scores should be used in order to differentiate between high-risk patients in need of urgent endoscopic intervention and low-risk patients, who may be suitable candidates for outpatient management. 6 Whereas there is evidence, that some of these low-risk patients could safely be managed in an outpatient setting, 5,7-10 many patients with low risk for further complications are hospitalized, nonetheless. With risk-adapted selection of patients who are unlikely to get harmed due to early discharge, costs and resources could be conserved.
Several risk scoring schemes or systems evaluating acute UGIB have already been published. However, many of these predictive schemes rely on endoscopic findings and are, therefore, unsuitable for early classification of patients shortly after presentation. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] In addition, the development of most risk scores is based solely on data from patients with nonvariceal bleeding and thus cannot be used to evaluate a mixed patient population. [13] [14] [15] [16] [17] [18] [19] Even with the well-established GlasgowBlatchford score (GBS), Lahiff et al were unable to predict the outcome in a study with a mixed patient population of variceal and nonvariceal bleeding. 21 In the emergency setting of UGIB it is generally difficult to differentiate immediately between nonvariceal and variceal bleeding. At the same time, mortality in variceal bleeding is high (around 15%); 2 thus a reliable risk stratification of all patients with UGIB would be very helpful.
According to a recently published statement by Stanley et al, a high-quality score should achieve the following: easy to calculate, accurate with respect to relevant outcomes, and capable of early, ideally before endoscopy, risk assessment. 22 Therefore, we aimed at developing a point scoring scheme for all patients with acute UGIB, including those with variceal bleeding that predicts the clinically meaningful composite endpoint of rebleeding, need for nonendoscopic intervention (angiography and surgery), or death within 30 days. The scoring scheme should consist of easily obtainable laboratory values in order to reliably differentiate between high-risk patients who require hospitalization or immediate upper endoscopy from low-risk patients that are suitable candidates for outpatient management or in whom endoscopy may safely be postponed.
PATIENTS AND METHODS
Data from all patients who had undergone upper endoscopy in the Clinic of Gastroenterology and Hepatology at the University Hospital of Cologne with clinically suspected acute UGIB (eg, hematemesis, melena, hematochezia, or fall in hemoglobin) within a 2-year period (1/1/2007-12/31/2008) were analyzed retrospectively and served as a development set. There were 363 patients from all in-hospital services and 258 emergency room patients with a mean age of 64.3 AE 15.1 years. A population of 165 patients from all inhospital and 175 emergency room patients who fulfilled the same criteria as the development set and were seen between 01/01/2009 and 12/31/2009 served as an external/temporal validation set. Patients who primarily presented to another hospital were excluded from our study. Thus, a total of 586 and 286 patients were included in the development and validation set, respectively.
Ethical approval was not required for this study since the study has a retrospective epidemiological design and anonymization of personal data was realized.
The following data were extracted from the clinical documentation system (Orbis, Agfa HealthCare, Bonn, Germany): age, gender, past medical history, medication, laboratory values, endoscopic findings, need for intensive care, length of hospital stay, and clinical course. Relevant past medical history included former ulcers or UGIB, pulmonary disease, arterial hypertension, diabetes, stroke, cardiac disease, dementia, renal failure, hepatitis, liver failure, arthritis, previous surgery, status post reanimation, sepsis, trauma, current or former malignant disease, smoking-, and alcohol abuse. Medications with known bleeding risks, such as antiplatelet drugs, nonsteroidal antiinflammatory drugs, selective serotonin reuptake inhibitors (SSRIs), steroids, heparin, and vitamin k antagonists were also documented, as well as gastric acid inhibition with proton pump inhibitors (PPIs) or H 2 -blockers. Documented clinical parameters included symptoms associated with UGIB such as hematemesis, coffee-ground vomiting, tarry stool, hematochezia, syncope, and paleness, as well as signs of hypovolaemic shock and nasogastric tube placement with or without bloody aspirate. In order to avoid effects of blood transfusions the documented laboratory values were selected from the first blood sample taken after presentation with clinically suspected UGIB. The cutoffs for the laboratory values are the upper (ULN) or lower (LLN) limits of normal, respectively, as given by the Institute for Clinical Chemistry at the University Hospital of Cologne. The relevant cutoffs were as follows: CRP (5 mg/dL), white blood cell count (11,300/ mL), alanine-aminotransferase (ALT, 35 U/L for women, 50 U/L for men), thrombocytes (150,000/mL), creatinine (0.9 mg/dL for women, 1.1 mg/dL for men), and hemoglobin (12 g/dL for women, 14 g/dL for men). For hemoglobin and thrombocytes a second cutoff was defined. For hemoglobin 10 mg/dL was chosen since often clinical symptoms appear below this value. The cutoff for thrombocytes of 50,000/mL was chosen since this is the typical limit used for endoscopic interventions. Table 1 gives an overview of relevant characteristics of the study population.
Emergency endoscopy was performed on a 24 h/7 days a week schedule by a team of 6 experienced physicians. Lesions were rated by using the Forrest classification. 23 Spurting or oozing fresh blood was considered as active bleeding, whereas clots or old blood were documented as signs of bleeding. In addition, all macroscopic findings were documented, that is, esophagitis, esophageal, or gastric varices, Mallory-Weisslesion, gastritis, erosions, angiodysplasia, Dieulafoy-lesion, and ulcers with localization, suspicion of malignancy, and fresh or old blood without source of bleeding. Therapeutic endoscopic interventions such as injections with suprarenine, ethoxysclerol, fibrin-or histoacryl glue, hemoclips, laser or argonplasma-coagulation were left to the discretion of the treating physician, as well as infusion of plasma expander, PPIs, somatostatin or number of packed red cell transfusions that were recorded.
The need for angiographic or surgical interventions was also extracted from the digital patient files for the 30 days after the index hemorrhage. Rebleeding was defined as the occurrence of fresh or old blood seen during a second endoscopy that had been ordered also within 30 days on clinical suspicion for rebleeding, for example, decrease in hemoglobin > 2 g/dL within 24 h by the treating physician. Vital status within 30 days after the index hemorrhage was confirmed by contacting the appropriate civil registry offices.
Statistical Analysis
In the first step, based on the development set the association of the composite outcome and each candidate variable was assessed one by one via cross-tabulation (Pearson's chi-square test, odds ratio). Continuous variables were dichotomized according to conventional clinical threshold values. In the second step, the candidate variables showing a statistically significant association (ie P 0.05) were entered in a multivariable logistic regression equation with backward stepwise elimination (drop if P > 0.05). Beforehand, multiple imputation using an iterative Markov chain Monte Carlo (MCMC) method (fully conditional specification, 5 imputation sets) was applied to candidate variables with at least 80% valid observations. In sensitivity analyses, (1) impact of a greater percentage of missing values (eg 30%, 50%), and (2) pairwise interaction of covariates were explored. Alternative risk score models were either rejected due to lower discriminatory capacity or interaction terms not reaching statistical significance. The pooled regression coefficients were used to calculate predicted values (ie complication risk). In the third step, the model coefficients were scaled to integer numbers (division by the smallest coefficient, adjustment, rounding) to get a simple point scoring scheme. 24 In the fourth step, the final score was evaluated on a separate validation set, which had not been touched during development. Discrimination of the score was assessed by the receiver operating characteristic curve and the area under the curve, calibration (goodness of fit) of the score was measured by the Hosmer-Lemeshow statistic. 25 Moreover, the corresponding observed and expected proportions of events were plotted by ''decile of risk.''. Since subjects with the same covariate pattern were kept in the same ''decile,'' only 6 groups were obtained for the point score. All calculations were carried out with the software SPSS Statistics 22 (IBM Corp., Armonk, NY).
RESULTS
The development set consisted of 203 women (34.6 %) and 383 men (65.4 %) ( Table 1 ). The mean age was 64.3 AE 15.1 years. In this group, 77 patients (13.1 %) showed esophageal or gastric varices during endoscopy, whereas39 patients of these patients showed variceal bleeding (6.7 %). The 3 most frequent lesions identified were erosions (39.8 %), ulcers (32.8 %), and esophagitis (22.4 %). Endoscopic findings are listed in detail in Table 2 . Active bleeding was observed in 141 patients (24.1 %), recurrent bleeding occurred in 96 patients (16.4 %), and a total of 118 patients died within the next 30 days (21.1 %).
The following variables were not considered due to a large proportion of missing values (ie > 20%): albumin, alkaline phosphatase, bilirubin, cholinesterase, aspartate aminotransferase (AST), blood pressure, heart rate, cutaneous signs of liver disease, liver failure, septicaemia, pneumonia, stroke, renal failure, need for dialysis, coronary heart disease, active malignant disease, concomitant medication with PPIs, history of former bleeding, ulcer, or malignant disease.
In bivariate analysis, 17 variables (age in years and 16 dichotomized variables) significantly predicted the composite endpoint (see Supplement, http://links.lww.com/MD/A432). Using multivariable logistic regression, we identified 6 out of these 17 parameters, that were predictive for the composite endpoint of recurrent bleeding, need for intervention such as angiography or emergency surgery and death within 30 We derived a simple point scoring scheme ''Cologne-WATCH score'' (C-WATCH score) by adequate rounding of the regression coefficients (Figure 1) .
The discriminatory power of ''model'' and ''score'' is high in the development set with an area under the ROC curve (AUC) of 0.739 (95% CI 0.692-0.786) and 0.723 (95% CI 0.676-0.770), respectively. Calibration of the model was good with a Hosmer-Lemeshow (HL) statistic of 6.47 (8 degrees of freedom [df], p ¼ 0.595) and a maximum absolute difference (MAD) of 10% in observed and expected events over ''deciles of risk.'' Since the score is a simplification of the model, we expected a slightly worse calibration (HL statistic of 13.06 (4 df, P ¼ 0.011); however the MAD was still 10%. In the validation set, the model achieved an AUC of 0.700 (95% CI 0.638-0.761) and the score of 0.704 (95% CI 0.642-0.765). Calibration was somewhat worse for the model (HL statistic of 22.13, 8 df, P ¼ 0.005, MAD of 23%), however good for the score (HL statistic of 9.08, 4 df, P ¼ 0.059, MAD 10%). The ROC curves and calibration plots are shown in Figure 2 .
A total of 34% of patients in the development set and 36% of patients in the validation set experienced a complication. In the development set, only 1 out of 6 patients rated with zero points and none out of 38 patients rated with 1 point suffered a complication during follow up (one patient experienced a rebleeding event). In the validation set, 10 patients were rated with a score of zero and 9 patients with a score of 1. No complication occurred in both categories. Thus, 8% in the development set and 7% in the validation set had a score of 0 to 1 and can be defined as low-risk patients with no relevant risk of complications (see Table 3 ). A higher number of the score is associated with an increasing risk for the event of any complication (3% to 86%, see Figure 1 ), ,for example, complications were observed in 12 of 14 high-risk patients with a score of 7. Nota bene, in the validation set all patients with variceal bleeding scored ! 2 points and, thus, would have been managed as high-risk patients.
DISCUSSION
Acute UGIB is the most important emergency situation in gastroenterology. Due to the fact that it is associated with a high mortality of $10%, most of the patients are monitored and remain hospitalized for several days.
2 High-risk patients with hemodynamic impairment undoubtedly require immediate endoscopy whereas in many cases upper endoscopy within 24 h may suffice. 5 However, there is a subgroup of patients with a low risk of active bleeding or complications, which do not need hospitalization or early endoscopic intervention. 5 Identifying these low-risk patients would help to save resources and reduce cost by managing them as outpatients. Most published risk scores have been developed in study populations with nonvariceal bleeding and hence are not valid for the evaluation of patients with varices. [13] [14] [15] [16] [17] [18] [19] We designed a pre-endoscopic risk score for all patients with UGIB-including variceal bleeding-from a retrospective analysis of 586 patients from inpatient services as well as emergency room visits who presented to our clinic within a 2-year period. By logistic regression, we were able to identify 6 laboratory parameters which proved to be valid to predict recurrent bleeding, need for surgery or angiographic intervention, and death within 30 days: CRP, white blood cell count, alanine-aminotransferase, thrombocytes, creatinine, and hemoglobin: the C-WATCH score. All components of C-WATCH score are meaningful from a clinical or pathophysiological point of view in connection with UGIB.
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The C-WATCH score allows us to separate low-risk patients with < 2 points (0% complications in the validation set), who can be managed on an outpatient basis from high-risk patients with ! 2 points (38.7% complications in the validation set) who should be monitored in hospital. When combining the development and validation sets, only one out of 63 patients rated as low-risk was misclassified when the C-WATCH score was applied. This patient had an episode of rebleeding within 30 days of follow up. The overall diagnostic accuracy of this scoring scheme was acceptable with an AUC of 0.723 and 0.704 for the development and validation set, respectively (see Figure 2 and 3) . Although it seems reasonable to postpone endoscopy by 24-48 h in patients with a score of 0-1, it will depend on the desired safety margin and clinical judgment whether in the high-risk group endoscopy should be performed within 12-24 hours (score 2-3 corresponding to a 10-18% complication risk) or immediately (score !4 corresponding to a 30-86% complication risk).
Most scoring systems have been based on smaller study populations with 108 to 391 patients included. 12, [15] [16] [17] [18] [29] [30] [31] [32] [33] Also, in a recently published systematic review of prediction scores, the median number of patients in the included studies accounted to 248 patients. 34 We were able to include nearly Calibration plots of both models (white points) and risk score (black points) in the development set (C) and validation set (D). Whiskers denote 95% confidence intervals (Clopper-Pearson). ROC ¼ receiver operating characteristic twice as many patients (n ¼ 586) in our development set, resulting in an improved reliability of the prediction model. Another important advantage of our prediction tool is the inclusion of variceal hemorrhage. In an emergency situation, discrimination of this high-risk group from those presenting with a different source of bleeding can be challenging. However, the prevalence of variceal bleeding has been found to range from 9% to 11% which is comparable to the rate of 7% in our study population. 1, 2 Patients with variceal hemorrhage show a high mortality (38% in our development set). A clinically useful predictive tool should include these complication prone patients. In the validation set all patients with variceal bleeding scored ! 2 points and, thus, would have been managed as highrisk patients.
Many of the established scoring systems try to predict the need for urgent endoscopic intervention or focus on the risk assessment of a poor clinical outcome in high-risk patients. [12] [13] [14] [16] [17] [18] 29, 30, 35 The predictive power of these diagnostic tools to identify low-risk patients has not been adequately studied. The meta-analysis by de Groot et al recommends four scoring systems to predict mortality, rebleeding, need for intervention or poor outcome. However, none has been suggested to identify low-risk patients. 34 Early endoscopy is able to identify low-risk patients as candidates for outpatient management and skipping urgent endoscopy in these patients is not associated with an increase in mortality. 5, 36 As the C-WATCH score can detect low-risk patients even without performing upper endoscopy, its clinical use as a prediction tool is highly attractive. Identifying patients as suitable candidates for early discharge would facilitate costeffective outpatient management without jeopardizing patient safety. Analyses of the GBS and the pre-endoscopic RockallScore in this regard have reached contradictory results. Stanley et al reported a safe outpatient management following risk stratification with the GBS: Of 676 studied patients, 105 (16%) were classified with a score of zero and none of these were misclassified in regard to the endpoint of death or need for intervention. 37 In contrast, Meltzer et al reported an insufficient sensitivity: 63 patients from 690 were classified with a GBS of zero points; 15 (24 %) of these were admitted to the hospital and 2 patients (13%) needed endoscopic treatment. 38 The preendoscopic Rockall score showed even worse results with regard to this question: 55% of the patients with a Rockall score of zero were admitted to the hospital and 16% needed endoscopic hemostasis.
The analysis of prediction scores for gastrointestinal bleeding by de Groot et al deals with 16 published scoring schemes. 34 These systems were evaluated using a rating scale (1-29 points) with defined criteria that a useful predictive scoring scheme should accomplish in order to be of high quality. The mean overall quality rating of the reviewed prediction tools was 16.5 points (ranging 9-25 points). 34 Using this quality rating the C-WATCH score attains 21 points which compares favorably to the recommended scores from the analysis by de Groot et al: that is the Blatchford score (25 points) to evaluate the need for intervention, the score of Villanueva et al for poor outcome (19 points), the score of Guglielmi et al for rebleeding (21 points) , and the score of Chui et al for mortality (21 points). 14, 15, 18, 35 Criticized shortcomings of the appraised scoring schemes were the lack of external validation, the reference to a single endpoint, and the absence of an impact analysis. We performed a temporal validation in a further patient population and could demonstrate a similar predictive power with an AUC of 0.723 and 0.704, respectively. This is remarkable, considering statistically significant differences between analysis sets, for example, regarding CRP, hemoglobin, and thrombocytes (see Table 1 ). Furthermore our scoring scheme fulfills all of the prespecified criteria for an ideal prediction scheme from a recently published update on risk scoring systems in UGIB 22 : The C-WATCH score can be calculated early after patient presentation even by someone without endoscopic experience, is easy to use by simply adding the points from routine laboratory parameters, and is accurate for the prediction of relevant outcomes with a high discriminatory power.
The C-WATCH score was derived with reference to a composite endpoint of hard clinical parameters including recurrent bleeding, need for angiography or surgery and 30 day mortality. We excluded endoscopic findings or interventions as part of the composite endpoint because they are not completely operator independent. However, our study has several limitations. Due to its retrospective design, data had to be retrieved from stored patient files with missing or incomplete data in several cases. In order to derive a practical and reliable scoring scheme, we included only variables that could be retrieved for at least 80% of patients. Thus, several potentially relevant parameters, for example, blood pressure, were not included in our main analysis; however, all were considered in sensitivity analyses. There was no standardized re-assessment of laboratory parameters, for example, hemoglobin after a defined time period, in order to include the dynamic of changes into the prediction model. Also, the C-WATCH score does not take trends in patient clinical stability into account, for example, ongoing bloody vomiting or hemodynamic deterioration. Hence, clinical judgment is still essential and cannot be replaced by this scoring scheme. With regard to our subgroup of variceal bleeding death within 6 weeks has been proposed as clinical endpoint by the Baveno V consensus workshop on portal hypertension. 39 However, the evidence for this expert recommendation remains unclear. Also, variceal bleeding is a small subgroup of only 6.7% in our cohort. For our main population with other source of bleeding a 6 weeks follow-up seems too long for acute bleeding and would not be helpful. Thus we decided to use a 30 days follow up like generally used in case of acute nonvariceal bleeding. 40 Another shortcoming of our study is the missing external validation in a patient population different from a tertiary care facility, as well as the validation in a prospective study. Finally, the C-WATCH score has not yet undergone an impact analysis and the benefit for patients in terms of outcome and survival remains to be proven in a prospective study; for example, in a direct comparison with the GBS as it has been done with the AIMS65 score by Yaka et al 41 In conclusion, the C-WATCH score allows for an operatorindependent, easy-to-use risk assessment in out-and inpatients with acute UGIB including variceal hemorrhage. Low-risk patients suitable for outpatient management or delayed upper endoscopy can be identified early after presentation and urgent or immediate upper endoscopy can be reserved for patients with high risk, depending on clinical judgment and the desired safety margin.
